Aerodynamic aspects of train shapes suitable for Vacuum Tube Train System are investigated in this paper. Three feasible geometries for the vacuum tube train system have been considered and modelled in three dimensions and have been computationally studied using the commercial software Ansys Fluent. Aerodynamic drag loads on these geometries have been calculated under different tube pressures and speeds of the train, which provide insight on various operating parameters that need to be considered while designing the vacuum tube train system. The present computational research shows that, the suitable vacuum pressure, and different shapes of head and tail of the train have significantly effects the drag force of the vacuum train in the tunnel. Overall, the elliptical train shape with a height to base ratio of 2:1 is more efficient for aerodynamic drag reduction of the vacuum tube train at the vacuum tube pressure of 1013.25 Pa.
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INTRODUCTION
Trains are locomotives used to carry cargo or passengers from one destination to another. The conventional mode of transportation is expensive or relatively slow or a combination of both. Until recently, trains have been limited to maximum speeds of 300-350 kmph. But, in the current generation, where everything is moving fast, there is a need for reaching destinations faster, so that time is not wasted on travel. This has led to the formulation of new high speed transportation networks such as Vacuum Tube Trains. Though, still at the conceptualization stage, scientists have made huge progress in this field. Vacuum Tube Trains, theoretically speaking, can reach speeds of up to 1000 km/h, Zhang (2012) . This will hence be the future of ground transportation. The vacuum tube train system needs to take into consideration many more parameters in comparison to the conventional trains. Kim et al. (2011) and Zhang et al. (2011) shows that the aerodynamic drag, development of shocks and maintenance of low pressures in the tube are the major drawbacks which need to be controlled in order to get a successful transportation system. Hence there is a requirement to study the aerodynamic drag acting on these bodies in order to find out the suitable ranges of pressure to be maintained in the tunnel, velocity that the trains can run and the suitable geometry for the trains, Zhi-yun et al. (2005) and Chen et al. (2012) . Kwon et al. (2001) have showed that the vacuum tube trains need to run at low pressure in order to achieve the high speed. But maintaining the tunnel at extremely low pressures is an insurmountable task and hence an achievable level of pressure to be maintained in the tunnel needs to be identified. The speed at which the trains run cannot exceed a certain level as this would result in shocks which would destroy the train system. Hence, a suitable speed with which the train can run without the formation of uncontrolled shocks need to be identified as well. The geometry of the train is another parameter that is crucial to the modelling of the vacuum tube train system. Different geometries of trains have been identified and modelled. Bibin et al. (2013) found that a blockage ratio of 0.25 would be most appropriate for vacuum tube transportation. This effect taking into consideration with the assumption that the flow is steady three dimensional, compressible. The Navier-Stokes equations coupled with k-epsilon turbulent modelling were solved to calculate the aerodynamic drag acting on the train.
METHODOLOGY

Equations Of Fluid Motion
The compressible flow Navier Stokes Equations coupled with the k- equations for turbulent modelling have been solved using the Fluent software. The following assumptions have been considered during the process:
Flow similar to that of a calorically perfect gas
The various governing equations which have been used in the analysis are as follows: 
Details of Vacuum Tube Train System
The schematic representation of vacuum tube train system considered in the present study is shown in Fig. 1 . The various dimensions of the vacuum tube train system are as follows: The train shape has been assumed as an axisymmetric body. Additionally the flow induced by the train motion has been taken as three dimensional in nature. The simulations have been carried out to replicate the wind tunnel test of a three dimensional train shape. Thus the body has been taken as stationary and the inlet of the computational domain has been set with velocity corresponding to train speed and tunnel ambient pressure. The outer surfaces of the train were treated as no slip walls. Pressure outlet condition has been set for the outlet of the computational domain. The tunnel inner surface has been considered as a wall moving in x direction. 
Geometry and Mesh Details
The meshing of the vacuum tube train system has been carried out using ICEM CFD Software. The entire computational domain has been meshed using hexahedral mesh and at the inlet and outlet of the train O-Grid has been used in order to develop even finer meshes as these locations are sensitive to high fluctuations of shocks. This also provides proper meshing at these curved entities as the meshing might not be evenly placed along the curve. The meshed model (surface mesh) of the optimized train model is portrayed in Fig. 2a and that of slice mesh in Fig. 2b . 
Boundary Conditions
The various parts of the vacuum tube train system have been shown in Fig. 1 and the different boundary conditions specified in computational domain of the current simulations are also shown in Fig. 2 Train: Considered to be a wall moving in x direction.
Outlet: Exit of the tunnel is specified as pressure outlet.
Tunnel: Considered to be stationary wall with no slip condition.
RESULTS AND DISCUSSION
In the present computational study, the main idea is to find suitable parameters mainly, operating vacuum pressure, speed of the train and the shape for the vacuum tube train system. This involves solving the equations mentioned earlier using the Fluent Software. Once the simulations have been carried out, the results have to be analysed in order to get the suitable parameters.
Comparison of Pressure
In this stage, the elliptical train with a height to base ratio of 2:1 has been taken and using this geometry and keeping the velocity of the tunnel as 250 m/s, the simulations were carried out on different pressure levels to be maintained in the tunnel such as 101.325 Pa, 1013.25 Pa, 10132.5 Pa and 101325 Pa. The drag force values were computed and have been plotted with respect to the pressure values in Fig. 3 . It is visible that as the pressure increases, the force also increases. It can also be noted that as pressure decreases beyond a certain point, the drop in force is negligible. Considering the cost and implementation ease factors, trying to maintain very low pressures within the entire length of the tunnel will be very expensive and it is very difficult to achieve. Hence, considering all these factors, it is safe to maintain tunnel ambient pressure almost 100 times lesser than the atmospheric pressure.
Comparison of Mach Number
The current trains run at maximum speeds of about 100 m/s. But the vacuum tube trains can run much faster than this but it is necessary to compute the suitable velocity with which these trains can travel as there are numerous drawbacks of running at high speeds. Hence in the next stage of the simulation and analysis, the suitable velocity with which the train can travel without much shocks and disturbances was determined, which in turn helped The Reynold's number was calculated for the individual velocities and these values of Reynold's number were plotted with respect to the drag force and this graph is shown in Fig. 4 . It can be noted that the force increases gradually until a Reynold's number of 384299 after which the force value shoots up. This value of Reynold's number corresponds to a Mach number of 0.936 and a velocity of 325 m/s. Mach numbers ranging from 0.8 to 1.0 corresponds to the transonic range. When the train runs at such speeds normal shocks will be formed which affect the stability of the train. On increasing the Mach number further, it reaches the supersonic region. If the trains were to run in supersonic conditions, more shocks would be produced and it will be very difficult to stabilize the train. The subsonic range which is between Mach number 0.3 and 0.8 is better as there would not be any shocks created but the aim of the vacuum tube train is to achieve very high speeds and that is not possible if the train runs in the subsonic range. The Mach contours corresponding to different velocities are shown in Figs. 4(a-f) . The Mach number contours clearly show the supersonic nature of the flow downstream of the train body. This can be attributed to the flow path variation resulting from the presence of train shape inside the constant area tunnel. As the train speed increases the shock structure downstream of the train become more complex. Such strong shock interactions on the tunnel wall can rupture the tunnel in long run. Moreover, this situation may elevate the difficulty level in preparing the tunnel for another run. One possible solution to avoid such complex shock structure, while maintaining high train speed is heating of the tunnel. However, the economic feasibility and comfort level of this need to be addressed before proceeding with this proposal. The drag force experienced by the train needs to be assessed before choosing a particular train speed for real time run. The main drag contributor to the total drag on the train is pressure drag. Hence to understand the pressure variation over the train body at different train speeds, a surface pressure comparison is made in Fig. 4g . As it is clear from this figure, the maximum pressure is achieved at the front stagnation point of the train at all speeds. Moreover, the surface pressure values found to be increasing with train speed, especially at the front region of the train. The pressure at the head section of the train remain almost unaltered at all speeds. In Fig. 4c , the shock waves are existing at the rear side of the vacuum train and the oblique shock waves coexit with the normal shock waves that are developed by the continuous refection and interactions between the tunnel and the vacuum train walls. However, the strength of those interactions is comparatively less up to the velocity of train is 325 m/s. It is to be noted that the drastic increase in aerodynamic drag is generating when the Mach no exceed one or speed of accelerated flow field exceeds 325 m/s as in Table1. There is a considerable increase in surface pressure when velocity increased from 325 m/s to 350 m/s. This would be due to formation of shock waves. This inference is again well supported by the sudden rise in drag observed in Fig. 4g . After taking these aerodynamic aspects into consideration the suitable train velocity has been proposed as 325 m/s. 
Simulation Of Train with Different Shapes
The next step is to decide on which geometry would be feasible for the train. There are three different geometries considered and they are shown in Figs. 5(a-c) Table 2 . Table 2 , it is noticed that among the three type of streamlined geometry ,the train with semicircular tail and head possess the maximum drag force, while the elliptical geometry with a height to base ratio of 2:1 has the lowest value of drag force. This result shows that, the aerodynamic drag of is highly affected by the head and tail shape of the train. The pressure contours of all the geometries are shown in Figs. 6(a-c) . On analysis of the Mach and pressure contours, it can be seen that the elliptical geometry with a height to base ratio of 2:1 seems more feasible because of the lower values of Mach number and pressure occurring throughout the vacuum tube train system. The surface pressure variation plotted in Fig. 6g also shows the suitability of above mentioned elliptical model. The integrated pressure force can be observed to be minimum for this model. 
CONCLUSION
A computational study has been performed on the vacuum tube train system and various suitable parameters have been identified. The drag force acting in the system keeps varying and it needs to be at optimum levels. Through the simulations it was visible that the drag force increases with decreasing pressure and hence the pressure has to be maintained at a low value which is achievable and feasible in terms of cost and construction. The fastest velocity with which the train can travel with little shocks and vibrations has also been analysed and found to be 325 m/s, which corresponds to a Mach number of 0.936 which is in the transonic region, beyond which the system would turn into a supersonic region where the effects of shocks would be more severe. A comparison between three different train shapes has also been given and based on the values of drag force the suitable geometry has been arrived at, which is the elliptical train with a height to base ratio of 2:1.
